From 0 to 277 m at Site 530 are found Holocene to Miocene diatom ooze, nannofossil ooze, marl, clay, and debrisflow deposits; from 277 to 467 m are Miocene to Oligocene mud; from 467 to 1103 m are Eocene to late Albian Cenomanian interbedded mudstone, marlstone, chalk, clastic limestone, sandstone, and black shale in the lower portion; from 1103 to 1121 m are basalts.
INTRODUCTION
This chapter reports certain relationships among physical properties, using samples from Deep Sea Drilling Project Sites 530 and 532 and selected well logs obtained at Hole 53OA. Site 530 is in the Angola Basin and Site 532 is on the Wal vis Ridge. These features are in the southeastern Atlantic Ocean (Fig. 1) . The principal aims of this chapter are as follows:
Hay, W. W., Sibuet, J. et al., Init. Repts. DSDP, 75 : Washington (U S. Govt. Printing Office). 1) To introduce additional systematic studies of compressional-wave (sound) velocity and acoustic anisotropy for sediment, sedimentary rock, and basalt, and to determine their relationships to wet-bulk density and porosity. Acoustic impedance and reflection coefficients are derived. All of these are important for the proper interpretation of gravity, seismic reflection, seismic refraction, and sonobuoy data. Particularly important are data for very young sediments from the upper 100 or 200 m of the hole, which in the past have been too disturbed for proper study.
2) To study the Velocity and Induction Logs. This is important because if the porosity values derived from these logs do not agree within certain limits of error, then, assuming the logging data are accurate, one or more of the following is indicated: (a) conductive metallic minerals, (b) anomalies in the salinities of interstitial water, (c) an anomalous temperature, or (d) the presence of hydrocarbons.
3) To study vane shear strength on undisturbed samples of very young sediments from 0 to 300 m below the seafloor (these data are rare) as well as relationships to lithology, porosity, wet-bulk density, and compressional velocity.
DEFINITIONS AND PROCEDURES
Sediment and basalt classification is discussed in the Explanatory Notes to this volume. Wet-bulk density is the ratio of weight of the wet-saturated sediment or rock sample to its volume, expressed in g/cm 3 . Wet-water content is the ratio of the weight of seawater in the sample to the weight of the wet saturated sample, and is expressed as a percentage. Porosity is the ratio of the pore volume in a sample to the volume of the wet saturated sample, and is expressed as a percentage in some cases and as a fraction in others. All of these equations, derivations, and techniques are discussed in detail in Boyce, this volume.
METHODS
The following technique was used for sedimentary samples. Generally, in the Glomar Challenger laboratories, an undisturbed (visibly undistorted bedding), wet-saturated sample was cut and removed from a split core liner after the core had been on deck for about 4 hours to allow it to approach room temperature. The sample was then carefully cut (if necessary) with a diamond saw and smoothed with a sharp knife or file to a D-shaped sample 2.5 cm thick and with a 2.5-cm radius. Compressional-wave (sound) velocities (±2°7o) perpendicular and parallel to bedding were measured with the Hamilton Frame velocimeter (Boyce, 1976a, and Boyce, this volume) . Immediately afterward, wet-bulk density was measured within ±2 or 3°7o using special two-minute gamma-ray counts with the Gamma-Ray Attenuation Porosity Evaluator (GRAPE) (Evans, 1965) as modified by Boyce (1976a, and this volume) . Between various measurements, the sample was wrapped in plastic and stored in a sealed plastic box with a wet sponge so that it would not dry out. The wet-water content, wetbulk density, and porosity of a subsample were then determined by weighing the water-saturated sample in water and after drying for 24 hours at 110°C. For the soft sediments at Hole 530B and Site 532, porosity-density was determined by the "cylinder technique." These were processed at DSDP. The weight of evaporated water was corrected for salt content (35% 0 ) to give the weight of seawater (Boyce, 1976a; Boyce, this volume) . The estimated precision of wet-bulk density is ±0.01 g/cm 3 (absolute), and the precision of wet-water content and porosity is ±0.5% absolute units. Acoustic impedance, in units of (g 10 5 )/(cm 2 s), is obtained from the product of the vertical (if possible) velocity and the gravimetric (if possible) wet-bulk density. Laboratory results are reported in tables in the site summaries.
For basalts, velocities were measured when the basalt first arrived in the laboratory; this allowed us to be certain that the sample was saturated with water. Detailed methods are discussed in Boyce (this volume). All basalt GRAPE 2-minute wet-bulk densities, and gravimetric wet-bulk densities, wet-water contents, and porosities were determined on minicores, using techniques identical to those employed for hard sedimentary material.
In situ velocity and electrical resistivity were obtained from Gearhart-Owen well-log combinations: (1) Compensated Sonic Log, Caliper, and Gamma Ray, and (2) Induction, 16-Inch Normal and Gamma Ray. Tools and precautions regarding the data are discussed in Boyce (this volume) . Only the Sonic and Induction Log data from 625 to 945 m in Hole 53OA will be discussed in this chapter. See the site summary for further discussion and other logging data.
With respect to the accuracy of logging data, I do not have absolute techniques available (e.g., in situ standards or in situ beds with precisely known in situ physical property values) with which to check empirically the validity of the logging data. The Velocity Log data appear to be low (7-15%) when compared to laboratory velocities (see site summary, this volume), particularly where the hole is washed out. This is a common problem between logging velocity and ultrasonic velocity, measurements on core samples; for example, Jones and Wang (1981) partially attribute discrepancies to the following possibilities: (1) short spacing well logging tools, (2) attenuation, (3) physically disturbed borehole walls, and (4) biased core recovery, in that more resistant higher velocity rocks and softer material may have been eroded away during coring.
Because we do not have any absolute method by which to evaluate the logging data, any log-derived relationships between electrical resistivity, velocity, and density-porosity are subject to bias if the logging tools are not working properly.
Electrical Resistivity
The electrical resistivity of a material is defined as the resistance, in ohms, between opposite faces of a unit cube of that material. If the resistance of a conducting cube with length L and cross-sectional area A is r, then the resistivity, R o , is R n = rA/L = ohm-m (1) Electrical conduction through saturated sediment is complicated by a framework that generally consists of nonconducting mineral grains. If the sediment consists of nonconducting minerals, electrical conduction is primarily through the interstitial water, whose conductivity varies with temperature, salinity, and pressure (Horne, 1965; Horne and Courant, 1964; Horne and Frysinger, 1963; Thomas et al., 1934) . Conduction through the fluid can be modified significantly, however, if there are present metallic minerals with appreciable conductivity or clay-type minerals that exchange or withdraw ions from the interstitial water (de Witte, 1950a, b; Patnode and Wyllie, 1950; Keller, 1951; Berg, 1952; Winsauer and McCardell, 1953; Wyllie, 1955) . Charged colloidal particles and exchanged ions are not necessarily removed from the sediment when the interstitial water is sampled, so they do not contribute to what is normally thought of as the water salinity (Keller, 1951; Howell, 1953) .
The formation factor, F, is the ratio of the electrical resistivity of the saturated sediment, R o , to the resistivity of the interstitial water, R w , at the same temperature and pressure (Archie, 1942) :
The formation factor has been related to porosity and fluid salinity of rocks or sediments by Archie (1942; , Winsauer et al. (1952) , and others (Appendix A).
If the mineral composition of the sediment forms a nonconductive matrix, and if the interstitial water conductivity is high, then this ratio is considered to be the "true" formation factor. With increasing salinity of the interstitial water, this "true" formation factor approaches a constant value for a given porosity and rock sample (Patnode and Wyllie, 1950; Keller and Frischknecht, 1966) .
If sediments contain minerals which are conductors, then this ratio is considered to be an "apparent" formation factor and is less than the "true" formation factor of sediments for a given set of porosity, textural, and cementation characteristics. The "apparent" formation factor approaches a constant value with different salinities, at given porosity, only if the conductivity of the interstitial water is much greater than that of the conducting minerals (Berg, 1952; Howell, 1953; Wyllie and Southwick, 1954; Wyllie, 1955) .
The variation of the apparent formation factor with interstitial water resistivity may be related in part to the distribution of conducting grains in a sample. Wyllie and Southwick (1954) developed a model showing that the connected conducting grains are conductors in parallel with, and isolated conducting grains are conductors in series with, the interstitial fluid. If the interstitial fluid is a good conductor, all the conducting grains will contribute to the overall conduction. If the interstitial fluid is a moderate or poor conductor, the conducting grains in series with interstitial water will contribute a reduced proportion of the overall conduction of the rock matrix; thus, the formation factor appears to increase as the resistivity of the fluid increases.
Clay-type minerals with varying exchange capacities may act as resistors or conductors relative to different interstitial water resistivities. Because of the clay-type minerals and other possible conducting minerals, the formation factor (for a given sample) may not be constant for different interstitial water resistivities (Keller, 1951; Wyllie, 1955; Berg, 1952; Wyllie and Gregory, 1953; Winsauer et al., 1952; Winsauer and McCardell, 1953; Wyllie and Southwick, 1954; Keller and Frischknecht, 1966) .
The resistivity of interstitial water may be estimated by measuring the resistivity of the water squeezed from the geologic sample or by taking it to be equal to the resistivity of seawater. However, interstitial-water sampling may not remove ions that are filtered or trapped by clay-type minerals (Scholl, 1963) , and the natural sediment compaction from overburden pressure may trap or filter various ions as the fluid migrates; thus, the interstitial fluid may have a chemical composition different from that of the original interstitial seawater (Siever et al., 1961; Siever et al., 1965) . The electrical resistivity of the interstitial water determined, for example, by using the data of Thomas et al. (1934) may therefore be in error, because their data apply to a chemical composition identical to that of seawater.
Electrical resistivity through fresh sediment may be isotropic (Bedcher, 1965) , but consolidated sediments and rocks have anisotropic resistivities. Resistivity parallel to bedding is typically less than the resistivity perpendicular to bedding (Keller, 1966; Keller and Frischknecht, 1966) .
Textures of the individual mineral grains affect electrical resistivity. The more angular textures create a longer path length through the sediment and thus a higher resistivity and a higher formation factor for a given porosity (Wyllie and Gregory, 1953) . The resistivity is also affected by grain-size distribution, particularly for clay-type minerals. A finer grain size gives a greater surface area with ionic exchange capacity and so increases the number of ionic-cloud conductors in a given sample. This is also true, to a lesser degree, of nonclay-type minerals, such a quartz and feldspar (Keller and Frischknecht, 1966) .
We will interpret the DSDP Hole 53OA sonic and electrical logs by a technique developed by the petroleum industry (Schlumberger, rtl., 1972) called the "apparent electrical resistivity of the interstitial water" (R wa curve). (Normally a density log is used, but we did not get a successful density-logging run at these sites.) This technique will here involve calculating the porosity from the Sonic Log's velocity, based on the following empirical equation derived from laboratory velocityporosity data from cores taken within the same depth interval in the hole (625 to 945 m):
where Φ = fractional porosity and V = velocity (km/s) from Sonic Log. Then, by using a simplified form of Archie's (1942) equation for the Site 530 data:
By substituting in Equation 5 the "apparent formation resistivity" (R a ) (not corrected for borehole diameter, borehole fluids, or the thicknesses of beds with contrasting resistivity) from the Induction Log (measures in direction which is parallel to bedding) and the Φ derived from the Sonic Log, we can then solve for R wa .
If the formation is homogeneous calcareous ooze with a uniform pore-water salinity and a uniform and normal temperature gradient, the "i? wα versus depth" plot will theoretically be a straight line, but R wa will decrease slightly because of increasing temperature with increasing depth. The method is useful because R wa will be anomalously high if there are any unexpected zones (which can sometimes be very distinct) of (1) hydrocarbons, (2) relatively fresh water in the pores, or (3) negative-temperature anomalies. The R wa curve will give anomalously low values if there are any unexpected zones of (1) electrical conductors (metallic deposits), (2) relatively saltier pore waters, or (3) high-temperature anomalies. Since the composition of the pore fluids is known from samples of the sedimentary rocks collected on the Challenger (Gieskes, this volume), and we know the temperature of the formation, we therefore know what range of R wa to expect and should thus be able to identify the anomalies. If hydrocarbons are present, the approximate pore-water saturation, S wt equals (R wa expected/R wa anomaly) 172 when using Equation 4.
Sound Velocity
Compressional-sound velocity in isotropic material has been defined (Wood, 1941; Bullen, 1947; Birch, 1961; Hamilton, 1971) as
where Fis the compressional velocity; ρ b is the wet-bulk density in g/cm 3 and ρ b = ρ w Φ + (1 -Φ)Q g (here Φ is the fractional porosity of the sediment or rock and the subscripts b, g, and w represent the wet-bulk density, grain density, and water density, respectively); x is the incompressibility or bulk modulus; and 5 is the shear (rigidity) modulus.
Where samples are anisotropic, x and s may have unique values for the corresponding vertical and horizontal directions. See Laughton (1957) ; Carlson and Christensen (1977) ; Gregory (1977); and Bachman (1979) for discussions of anisotropy.
Compressional velocity of sediments and rocks has been related to the sediment components by Wood (1941) , Wyllie et al. (1956) , Nafe and Drake (1957) , and others, whose equations are listed in Appendix B. These will be discussed later. Velocity is related to mineralogical composition, fluid content, water saturation of pores, temperature, pressure, grain size, texture, cementation, direction with respect to bedding or foliation, and alteration, as summarized by Press (1966) . Recently, Hamilton (1978) has summarized velocity-density relationships of sediment and rock of the seafloor. Christensen and Salisbury (1975) have summarized velocity-density relationships of basalt under pressure.
Basalt velocities at one atmosphere pressure have been published for cores recovered on Leg 37 (Hyndman, 1977) ; Leg 46 (Matthews, 1979) , and Legs 51, 52, 53 Donnelly et al., 1980; Hamano, 1980) ; Boyce (1981) , and others.
We did not have density log data, which are normally used with sonic log data to calculate acoustic impedance. Therefore, in order to calculate acoustic impedance, we empirically calibrated the velocity from the Sonic Log, using equations derived from velocity-impedance measurements from cores. This calibration is based on cross-plots of laboratory-measured velocity versus laboratory-measured impedance; measurements were made on cores in the same depth interval in Hole 53OA as were the logging data (625 to 945 m). The following empirical equation was derived:
where V is velocity (km/s) and / is acoustic impedance, (g 10 5 )/(cm 2 s). Therefore by substituting velocity (km/ s) from the Sonic Log into Equation 7, we could calculate acoustic impedance. However, Equation 7 should not be used for any other universal purpose beyond the calibration of these logging data. From this Sonic Logderived impedance data, Sonic-Log derived reflection coefficients (R.C.) were calculated:
where I o is a rolling average of impedance 0.5 meter above the plotted reflection-coefficient data point, and I x is a rolling average of impedance for 0.5 m below the plotted reflection-coefficient data point.
Reflection coefficients (from 0 to 1121 m) are also calculated from the laboratory-measured velocity and impedance data (see raw data in tabular form in the site summaries, this volume). These are done very simply by using the upper and lower impedance values as they are listed in their tables, and plotting the reflection coefficient value at the same depth as the lower impedance value (except for the seawater/seafloor interface). Because of this very simple approach, investigators must be careful about precisely correlating the laboratory-derived reflection coefficients to their seismic profiles.
Calculations of in situ velocities from laboratorymeasured velocities on cores are corrected for (1) hydrostatic pressure and in situ temperature, and (2) hydrostatic pressure, in situ temperature, plus porosity rebound (Hamilton, 1976) , expansion after overburden pressure is released. The two possible values for in situ velocity are calculated, since the porosity rebound has not been completely proven. Techniques for calculating in situ velocities are discussed in Boyce (1976b) . These data are presented in Tables 1 and 2 . They assume a 5% (absolute units) porosity rebound for all rock >30% porosity; a 2.5% rebound for rocks with porosities between 20 and 30%; and no rebound for rocks with porosities less than 20%. They do not include corrections for rigidity, which is created by grain-to-grain overburden pressure (Hamilton, 1965) .
Vane Shear Strength
Shear strength of a soil or sediment mass is the summation of the forces of friction, cohesion, and bonding which combine to resist failure by rupture along a slip surface or by excessive plastic deformation under applied stresses (Moore, 1964) . Shear strength is a complex property which is also related to the rate of shearing, the manner and rate of stress application, mineralogy (clay type), cementation, grain-size distribution and packing, sample disturbance, pore pressure, permeability and drainage of the pore water during shearing (Richards, 1961; Moore, 1964; Wu, 1966; Scott and Schoustra, 1968; Lambe and Whitman, 1969; Kravitz, 1970; and others) .
According to Richards (1961) and Kravitz (1970) , the following shear failure theory is the Coulomb (1776) failure equation as modified by Hvorslev (1936; 1937) . Shear strength (g/cm 2 ) of a sediment at failure, r f , is as follows:
-c + (σ -µ) tan (9) where c = cohesion, g/cm 2 ; σ = normal stress on the plane of failure, (g/cm 2 ); µ = excess pressure in pore water, g/cm 2 ; Φ = angle of internal friction, and (σ -µ) = effective stress, g/cm 2 . Equation 9 has two components: cohesion, c, and friction, (σ -µ) tan 0. As summarized by Hamilton (1971) , shear strength in sands, without significant amounts of fine silt and clay are defined by the friction component (i.e., these are cohesionless sediments). Most silt-clay sediments have both cohesion and friction (under normal stress). A few clays may have no angle of internal friction, in which case the shear strength is defined by cohesion alone.
According to Kravitz (1970) , in studies involving completely saturated clays of low permeability, such as those found in ocean environments, shear strength is usually obtained under conditions of no change in water content. This procedure is called undrained or quick testing. During undrained (quick) testing, the normal stress is zero, and the saturated sediment then behaves with respect to the applied stresses at failure as a purely cohesive material with an angle of shearing resistance equal to zero. When these conditions are met the equation for shear strength is expressed as r f = c.
However, according to Moore (1964) , Equation 8 is used mainly as a simplified relationship, and for the convenience of calculating engineering properties of soils, it is generally understood that actual isolation of the cohesional and frictional components of sediments is theoretically unrealistic.
The relationships of Equations 9 and 10 to undrained shear strength in saturated clayey sediments are discussed by Schmertmann and Osterberg (1960) , Richards (1961) , Wu (1966) , Hamilton (1971) , Kravitz (1970) , and others. Lambe (1960) discusses the shear strength of coarse sediments with respect to the additive relationships of cohesion, friction, interference, and dilatancy.
The following are some examples of the physical changes which may occur in a sediment sample when it shears: (1) the sample may expand or contract depending on the grain-size distribution and packing structure; (2) the shearing stress may be in part directed on the pore water trapped in the sediment if the sample is very fine grained and impermeable (undrained sample); (3) or shearing force may be entirely directed on the grainto-grain structure if the sample's grain size is large and the sample is highly permeable, allowing the water to drain (drained sample); (4) if a sample is moderately permeable, then the shear strength will be in part related to (a) the rate at which the shearing stress is applied, and (b) the rate which the pore water drains out of the sample.
For vane shear measurements in this chapter, a finegrained sample was selected so that permeability is low enough that the sample is assumed to be "undrained" (unless the core samples are gassy) during the shear test. To enhance this relationship the vane shear speed must be very rapid (Lambe and Whitman, 1969; Scott and Schoustra, 1968) and thus the DSDP vane shear device is set at 89° of torque per minute (compared with the typical 6° per minute suggested in ASTM, 1975) . These shear strength measurements are conducted under laboratory pressures and temperatures.
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exist. Vane shear measurements were formed adjacent to the sample for velocity, density, and porosity. Both sets of data appear to be of identical lithology.
On Leg 75, vane shear measurements were done with the DSDP Wykham Farrance Laboratory Vane Apparatus. All of the equipment, techniques, and calibrations are in Boyce (1977) and Boyce (this volume) and won't be discussed further here, except for changes from Boyce (1977) and other pertinent information. The 1.263 (high) × 1.278 (diameter) cm vane was used, and it was buried about 0.7 cm on top and bottom of the sample. Because it was necessary to measure the shear strength on a split core (in order to find a proper lithologic sample), the vane was inserted parallel to bedding. The remolded test ieasured on the basalt i ! used only to dete anisotropy, since these an was done immediately after rotating the vane ten times (while in the sample). Other DSDP investigators who have published vane shear strength are Lee (1973) and Rocker (1974) ; however, part of these samples are probably seriously disturbed. Keller and Bennett (1973) also measured an extensive number of shear strengths; however, the validity of their data is controversial since their cores were, in general, extremely disturbed.
Beginning with DSDP Leg 64, a hydraulic piston corer (HPC) was developed which can sample relatively undisturbed sediments. Therefore, the vane shear strengths presented in this chapter will be of specially selected, relatively undisturbed portions of these cores.
RESULTS
The results apply to the laboratory-measured sound velocity, impedance, gravimetric porosity, gravimetric wet-bulk density, GRAPE two-minute wet-bulk density, shear strength, and their corresponding lithologies, which are in tabulated form in the site summaries (this volume). The in situ velocities, calculated from laboratory data, are in Tables 1 and 2 . True formation electrical resistivity from the induction log and associated data are in Table 3 . In general, the results apply to the following lithologic summary. Detailed discussions are in the site summaries (this volume).
Lithologic Summary, Site 530
From 0 to 110 m are Holocene to Pleistocene diatom nannofossil ooze and debris flows.
From 110 to 277 m are Pliocene to Miocene nannofossil clay, marl, ooze, and debris flows.
From 227 to 467 m are Miocene to Oligocene mudstone.
From 467 to 600 m are Eocene to Paleocene mudstone, marlstone, chalk, and clastic limestone.
From 600 to 704 m are Maestrichtian-Campanian mudstone, marlstone, clastic limestone, and calcareous siliclastic sandstone.
From 704 to 790 m are Campanian mudstone, marlstone, and calcareous siliclastic sandstone.
From 790 to 831 m are Campanian mudstone, marlstone and calcareous siliclastics sandstone.
From 831 to 940 m are Campanian to Santonian-Coniacian mudstone, claystone, siltstone, and sandstone.
From 940 to 1103 m are Santonian-Coniacian to late Albian-early Cenomanian claystone with interbedded black shale.
From 1103 to 1121 m are basalts.
Lithologic Summary, Site 532
From 0 to 217 m are Pleistocene to Pliocene diatom ooze, nannofossil ooze, marl, and clay.
From 217 to 292 m are late Miocene nannofossil ooze, marl, and clay.
The following scatter diagrams and figures are presented in order to provide empirical relationships, for comparison with previous or future studies, and to help develop predictive relationships.
The first scatter diagram (Fig. 2) shows gravimetrically determined wet-bulk density versus gravimetrically determined porosity for Sites 530 and 532. On this diagram, the grain density of each sample may be estimated by a line from "1.025 g/cm 3 (for 35% salinity) density at 100% porosity" through "the given datum point" to the "0% porosity axis." The grain density is the bulk density value at 0% porosity. This grain density determination is subject to great uncertainty, especially at high porosity, but at least it allows identification of sample data of questionable accuracy. Unusual grain density values could result from laboratory mistakes or from gas in the samples. Figure 3 shows gravimetrically determined wet-bulk density versus wet-bulk density as determined by the GRAPE 2-minute count. Considering all the assumptions of grain densities and attenuation coefficients, as discussed in Boyce (1976a) , the correlation of the data is good.
Scatter diagrams of horizontal and vertical velocity are shown versus gravimetric porosity in Figure 4 and versus gravimetric wet-bulk density in Figure 5 . These data are from Sites 530 and 532 and are coded for lithology. The average of the horizontal and vertical velocity versus gravimetric porosity (Fig. 6 ) and gravimetric wetbulk density (Fig. 7) are data from Hole 53OA. Site 532 and Hole 53OB did not have any vertical velocity measurements; therefore there is no such corresponding scatter diagram (sediment was too soft to measure vertical velocity). These figures are coded for lithology.
These figures illustrate the Wood (1941), Wyllie et al. (1956) , and Nafe and Drake (1957) Acoustic impedance is plotted versus vertical velocity Gaboratory) for Hole 53OA in Figure 8 . The plot approximates a linear relationship and normally segregates different mineralogies, such as basalt, elastics, limestone, and chert, into lines representing different bulk elasticities (Boyce, 1976b; Hamilton, 1976) .
Acoustic anisotropy (Fig. 9 ) is important for estimating vertical velocities (for seismic reflection profiles) from (1) the horizontal velocities determined by refraction techniques, and (2) oblique velocities determined by sonobuoy techniques. Acoustic anisotropy in sedimentary rock may be created by some combination of the following variables, as summarized by Press (1966), Carlson and Christensen (1977) , and Bachman (1979) : (1) alternating layers with high-or low-velocity materials; (2) tabular minerals aligned with bedding, which create fewer gaps (containing pore water) in a direction parallel to bedding; (3) acoustically anisotropic minerals whose high-velocity axis may be aligned with the bedding plane; and (4) foliation parallel to bedding.
Absolute acoustic anisotropy versus depth at Hole 53OA is shown in Figure 10 and percentage acoustic anisotropy versus depth is shown in Figure 11 .
The negative anisotropies from 350 to 400 m appear to be related to a gassy zone (gas is in the recovered cores and may not be in a gaseous state in situ); therefore, these negative anisotropies are probably not representative of in situ anisotropies. From 100 to 467 m, anisotropy irregularly increases to 10%, with 2 to 5% being typical. From 467 to 1103 m, anisotropies are as great as 47% (1.0 km/s). Mudstone and uncemented sandstone have anisotropies which irregularly increase with increasing depth from 5 to 10% (0.2 km/s). Calcareous cemented mudstone tends to have the greatest anisotropies, typically 35% (0.6 km/s).
For Site 530, vertical velocity versus depth (except for Hole 53OB, 0-175 meters, where only horizontal velocities were measured because the samples were too soft to measure vertical velocity) is displayed in Figure 12 . In Figure 12 , these velocities are at laboratory temperature and pressure, and are coded for lithology.
At ~ 60 to ~ 70 m, and at ~ 110 to 230 m, these are several debris-flow deposits, which in some cases have a slightly higher velocity than the host sediments.
From 500 to 700 m, the minimum mudstone velocities have increasing curve versus increasing depth. This is a function of soft mudstone densities, which have an approximately linear increase between 500 and 700 m; thus the curved velocity trend is, in general, related to Wood's (1941) In Figure 13 is shown vertical laboratory velocity (at laboratory temperature and pressure) versus depth. Also included are (1) laboratory velocities which are corrected for in situ temperature and hydrostatic pressure, and (2) laboratory velocities which are corrected for hydrostatic pressure, in situ temperature, and porosity rebound (expansion when overburden pressure is released). These values do not include corrections for rigidity caused by grain-to-grain overburden pressure (Hamilton, 1965) . Porosity rebound corrections are theoretical (Hamilton, 1976) and have not been demonstrated to be true.
Averages for the velocity for Hole 53OA have been calculated, and these results (with assumptions and other details) are published in the site summary (this volume). The averages in the upper 467 m of the hole agree fairly well with Sibuefs (see site summary, this volume) correlations to the seismic profile. For example, the uncorrected laboratory average velocity is 1.56 km/s, in situ corrected (not corrected for rigidity caused by overburden pressure) laboratory average velocity is 1.61 km/s, and Sibuefs average velocity is 1.59 km/s. In the lower portions of Hole 53OA, 467 to 1103 m, the laboratory averages do not agree with Sibuefs velocity; for example, the average of uncorrected laboratory average velocities is 2.15 km/s, the average of the in situ corrected laboratory velocity is 2.37 km/s, Clay (5Y 2/1) Clay (5GY 4/1) Clay (5GY 4/1) Nannofossil ooze (5Y 6/1) Clayey diatom ooze (5Y 3/1) Clayey diatom ooze (5Y 3/1) Diatom nannofossil ooze (5G 6/1) Clayey diatom ooze (5Y 4/1) Clayey diatom ooze (5Y 3/1) Clayey diatom ooze (5Y 3/1) Clayey diatom ooze (5Y 3/1) Clayey diatom ooze (5Y 3/1) Clayey diatom ooze (marl) (5G 4/1) Mottled clayey diatom ooze (5Y 4/1) Mud flow clast: diatomaceous clay (5YR 3/1) Mudflow clast: nannofossil ooze (5Y 6/1) Mudflow clast: mottled clayey nannofossil ooze (5Y 6/1) Nannofossil ooze (5Y 6/1) Nannofossil ooze (5Y 6/1) Laminated nannofossil ooze (5Y 6/1) Mudflow clast: clay (5Y 2/1) (disturbed) (5Y 2/1) Mudflow matrix: nannofossil ooze (5G 8/1) (disturbed) (5G 6/1) Layered nannofossil ooze (5G 6/1) and Sibuefs average velocity is 2.14 km/s. Sibuefs lower velocity depends on the upper basalt horizon correlating to the 1.2-s reflector; however, in the Challenger profile over Site 530 the basalt reflector is poor, and is either very weak or much higher in the profile and with significantly less than the 1.2-s reflection time used by Sibuet. Sibuefs 1.2-s reflector and seismic correlations are with another seismic profile, which does not prescisely cross (off by 2.5 miles) Site 530. As a result of these conditions, Sibuefs correlation and velocities are subjective and perhaps controversial. It is also possible that the average laboratory velocities are incorrect (as many assumptions are involved), or perhaps that the in situ corrections are not valid, for porosity rebound has not been proved. These velocity discrepancies will not be resolved here. To perhaps resolve this problem we need good seismic profiles which truly pass over Site 530, along with research to substantiate porosity rebound and additional studies of acoustic attenuation in these seismic profiles.
Horizontal uncorrected velocities of the laboratory samples are plotted versus depth for Site 530 (Fig. 14A ) and Site 532 (Fig. 14B) . These are coded for lithology. Figure 15 shows (1) the uncorrected laboratory horizontal velocities versus depth at Site 530; in addition, it also shows (2) laboratory velocities corrected to in situ temperature and hydrostatic pressure, and (3) laboratory velocities which are corrected for in situ temperature, hydrostatic pressure, and porosity rebound. These are not corrected for rigidity caused by overburden pressure.
Gravimetric wet-bulk density is plotted versus depth for Site 530 (Fig. 16A) and 532 (Fig. 16B) , and gravimetric porosity is plotted versus depth at Site 530 (Figure 17A ) and Site 532 ( Figure 17B ). These are coded for lithology. These data show good agreement with the summary in Hamilton (1976) for density versus depth curves of terrigenous uncemented mudstone and uncemented siliceous and calcareous ooze. There are two zones of relatively higher porosity and relatively lower density than predicted by Hamilton's (1976) densityporosity versus depth curves (for terrigenous sediment): at approximately 325 to 500 m and at approximately 810 to 1025 m; these could be zones where pore fluids are overpressurized, the result of low-permeability mudstoned preventing pore fluids from escaping as overburden pressure of the grains attempts to consolidate the sediment. However, these zones are probably related to variations in grain-size distribution and variations in lithology (Hamilton and Menard, 1956; Horn et al., 1969; Hamilton, 1980) . Cross plots of laboratory velocity (V) versus acoustic impedance (7) for the interval of 625 to 945 m in Hole 53OA are shown in Figure 18 . From these data, Equation 7 is derived: I = -1.9 (g 10 5 )/(cm 2 s) + (3.0 g/cm 3 ) (F) Equation seven (7) is used to calculate impedance from the velocities measured by the Sonic Log from 625 to 945 m in Hole 53OA. The Sonic Log derived acousticimpedance data and the reflection coefficient plots versus depth are shown in Figures 19 and 20 . In Figures 19 and 20, the Sonic Log velocities are low compared to the velocities of the core samples, as discussed in the site summary, this volume. These velocities are more than Table 3 . Electrical resistivity, formation factors, and sound velocity data from the well logs and other associated data, Hole 53OA. Figures 19 and 20 are valid for a given hole diameter. These log-derived reflection coefficients agree, in general, with the major features of Sibuefs correlation of Hole 53OA to the seismic profile in the site summary (this volume).
Figures 21 and 22 show reflection coefficients versus depth (from 0 to 1121 m), which are derived using only the laboratory velocity-impedance data. The following discussions ignore requirements of the proper bed thicknesses for reflectors in a seismic profile.
Of course these show a greater number of potential reflectors than do the Sonic Log-derived reflection coefficients. This is because the Sonic Log data are a rolling average over a 1.0-m interval (0.5 meter above and 0.5 meter below the calculated value), and because of the tooFs movement up and down in the hole. The tool moves vertically depending on all movements of the D/V Glomar Challenger and the drill string.
Those reflectors in the upper 100 m of Hole 530A, in Holocene-Pleistocene diatom ooze and nannofossil ooze, are caused mainly by density variations, since sediment velocities are approximately the same as those of the interstitial seawater (excluding the debris-flow deposits). These density variations can be a function of (1) grain density, e.g., opal silica versus calcite, and (2) porosity variations. In Figures 4 and 5 , note that where densities are less than 1.52 g/cm 3 and porosities are greater than 71%, the velocity is relatively constant and approximates that of the interstitial seawater. This zone in Figures 4 and 5 approximately represents the upper 100 m of the hole (disregarding debris-flow deposits). The data roughly follow the Wood (1941) equation, which has been shown to be approximately valid by many investigators (Shumway, 1960; Nafe and Drake, 1963; and others) . Reflection coefficients versus depth in Figure 22 indicate that the mudstone from 277 to 467 m does not have very many reflectors; if they exist, they would be very weak. However, below 467 m the carbonate-cemented sandstones (limestone) and cemented mudstones create strong reflection coefficients.
The upper basalt contact at 1103 m does not appear to have significantly stronger reflection coefficients than do the carbonate coefficients above; however, its geometry (thick unit) would certainly be conducive to its being a significant reflector. Reflection cofficients of basalt below 1103 m are, however, very small; thus the seismic profiles here do not show reflectors below the upper contact of the basalt complex, unless there are interbedded lower velocity pillow basalts or sediments.
In Table 3 is the true formation resistivity, in a direction parallel to bedding, calculated from the Induction Log data, plus sound velocity (vertical) from the Sonic Log. These logs are from 625 to 945 m in Hole 53OA. Table 3 also contains other associated parameters and data.
In Figure 23 is plotted velocity, from the Sonic Log, versus true (borehole corrected) formation electrical resistivity (parallel to bedding) from the Induction Log. The Velocity Log data are probably biased too low; thus this cross-plot does not show a valid relationship. Figure 24 shows vertical laboratory velocity versus gravimetric porosity from 625 to 945 m in Hole 53OA. From these data (Fig. 24) the following empirical relationship (Equation 3) is derived:
Equation 3 is used to calculate porosity from the Sonic Log for comparison with resistivity from the Induction Log in order to solve for an apparent interstitial water resistivity (R wa ) curve versus depth. The Sonic Log had to be used for this purpose because the Density Log attempts were unsuccessful as a result of poor hole conditions. Figure 25 shows the formation factor (from Table 3 ) versus porosity derived by using Equation 3 with velocity from the Sonic-Log data. Note that many of the m values appear to be too high (greater than 2.6) relative to equations in Appendix A. These m values may be artificially too high since they are based on biased data. The bias probably results from the fact that the velocity obtained from the Sonic Log is too low; thus the derived porosity (Equation 3) is too high for a given true formation resistivity value.
The R wa curve (Fig. 26) is calculated by rearranging the Archie (1942) equation: R wa = (Resistivity Induction Log) (Φ 2 ), where Φ is the fractional-porosity derived from Sonic Log (Equation 3). R wa is plotted versus depth and is used here mainly as a tool to identify zones of: (1) metallic mineral deposits, (2) temperature anomalies, (3) interstitial-water salinity anomalies, and (4) hydrocarbons. It is not designed to calculate R wa accurately (borehole corrections are not applied), but only to indicate the presence of anomalous lithologic zones.
In Figure 26 , there are no large anomalies (unfortunately, the logging data are above the black shale beds), and the variations seen are noise in the data: (1) slight misalignment of the depths of the velocity and Induction Log data; (2) thin beds with contrasting resistivities, since the Induction Log resistivities were not adjusted for borehole conditions; and (3) the 1.2-m resolution of the Induction Log relative to the 61-cm vertical resolution of the Velocity Log. Theoretically the R wa plot should decrease slightly with increasing depth because of increasing temperature.
Vane shear strength versus depth is shown in Figures  27 and 28 (coded for lithology) for Sites 530 and 532 (Holes 532 and 532B). Many of these samples, particularly those below 130 m at Site 532, are gassy; thus the vane shear strength may be less than that of comparable sediments which are water saturated, and partially the result of disturbance of sediment as gas expands (Dover et al., 1981) . Vane shear strength of gassy samples may not represent in situ conditions, for the sediments may not contain gas at in situ depths. From 0 to 100 m, vane shear strength uniformly increases from about 80 g/cm 2 to about 800 g/cm 2 . From about 100 to about 300 m, vane shear strength varies irregularly with increasing depth, ranging from about 500 to 2300 g/cm 2 . At Site 532, vane shear strength actually decreases slightly with increasing depth (disturbance of sediment by expanding gas), which agrees with similar data at Site 362 (Bolli and Ryan et al., 1978) . Vane shear strength at Site 362 tended to be significantly less than at Site 532, probably as a result of the disturbance of Site 362 cores by rotary coring methods; it is also possible that these sediments are significantly different from those at Site 532.
In Figures 29, 30 , and 31 are presented vane shear strength versus gravimetric porosity, gravimetric wetbulk density, and horizontal sound velocity. These are coded for lithology. In these plots some grouping does occur; however, this probably results, in part, from a limited number of data for each lithologic type-e.g., siliceous ooze in Figures 29 and 31 -which relate vane shear strength to porosity and velocity. In the vane strength-density plot (Fig. 30) , the siliceous sediments are distinctly set apart from the other data; this is in part caused by its lower grain density of opaline silica. The high-porosity siliceous (diatoms) sediment appears to have distinctly higher values for vane shear strength for a given porosity than do other sediment types. This is partially related to the structural strength of the framework of the diatom fossils (Hamilton, 1976) .
SUMMARY AND CONCLUSIONS
1. At Site 530, from 0 to 100 m below the seafloor in Holocene to Pleistocene diatom and nannofossil ooze (excluding debris-flow deposits), the sound velocity of undisturbed samples is approximately equivalent to that of the interstitial water; thus, reflectors are caused by grain density changes (e.g., opal silica to calcite) and porosity changes, and not significantly by velocity variations. These low velocities are in theoretical agreement with Wood's (1941) equation . 2. Reflection coefficients derived from laboratory data agree in general (at least in the upper part of Hole 53OA) with the major features of the seismic profile (see site summary, this volume). It suggests more potential reflectors than indicated by the reflection coefficients derived from the Gearhart-Owen sonic log from 625 to 940 m (since the sonic log data average thin beds).
3. From 0 to 467 m, at laboratory temperature and pressures, velocities are 1.5 to 1.8 km/s; below 200 m these increase irregularly with increasing depth. From 0 to 100 m in Holocene to Pleistocene nannofossil and diatom ooze, velocities are approximately equivalent to that of the interstitial seawater. From 100 to 467 m, in Pliocene-Oligocene nannofossil ooze, clay, marl, mudstone, and debris flows, acoustic anisotropy irregularly increases to 10%, with 2 to 5% being typical. From 467 to 1103 m, in Eocene to late Albian-early Cenomanian interbedded mudstone, marlstone, chalk, clastic limestone, sandstone, and black shale, velocities range from 1.6 to 5.48 km/s, and acoustic anisotropies are as great as 47% (1.0 km/s) faster horizontally. Mudstone and uncemented sandstone have anisotropies which irregularly increase with increasing depth from 5 to 10% (0.2 km/s). Calcareous mudstone has the greatest anisotropies, typically 35% (0.6 km/s). 4. In situ velocities are calculated for the laboratorymeasured data and are corrected for in situ temperature, hydrostatic pressure, and porosity rebound (expansion when the overburden pressure is released); however, they are not corrected for rigidity changes related to overburden pressure. These corrections affect the semiconsolidated sedimentary rocks most (up to 0.25 km/s faster). Sonic Log velocities appeared to be less than laboratory data.
5. Measurements of porosity-density versus depth for mud, mudstone, and pelagic oozes agree with those for similar sediments in Hamilton's (1976) summary. In the area of about 400 m and about 850 m are zones of relatively higher porosity for mudstone, which may suggest overpressurized pore water; however, they are more likely to be caused by variations in grain size distribution and lithology.
6. Electrical resistivity, in a direction parallel to bedding, from 625 to 950 m, ranged from about 1.0 to 4.0 ohm-m in Maestrichtian to Santonian-Coniacian interbedded mudstone, marlstone, chalk, clastic limestone, and sandstone. An interstitial water resistivity curve did not indicate any unexpected lithology or unusual fluids or gases in the pores of the rocks. These logs were above the black shale beds. 7. From 0 to 100 m at Sites 530 and 532, the vane shear strength on undisturbed samples of HolocenePleistocene diatom and nannofossil oozes uniformly increases from about 80 g/cm 2 to about 800 g/cm 2 . From 100 to 300 m, vane shear strength of Pleistocene-Miocene nannofossil ooze, clay, and marl is irregular versus depth with a range of 500 to 2300 g/cm 2 ; at Site 532 the vane shear strength appears to decrease irregularly and slightly with increasing depth (gassy zone); this is probably an artifact of disturbed sediments caused by expanding gas at atmospheric pressure. Because these sediments may not be gassy at in situ depths; the values on gassy samples below 130 m at Site 532 are probably not representative of in situ values. The Nafe and Drake (1957) equation applies to rock with varying degrees of ridigity, which is controlled in the equation by the value of β* Qb Keller (1966) and Keller and Frischknecht (1966) summarize and discuss similar equations derived for continental formations. Gravimetric wet-bulk density (g/cm )
2.3 2.4 2.5 2.6 2.7 2.8 Figure 7 . Average of laboratory horizontal and vertical velocity versus gravimetrically determined wetbulk density, Hole 53OA. Included are equations of Wood (1941) , Wyllie et al. (1956) , and Nafe and Drake (1957) , assuming a limestone matrix (2.72 g/cm 3 , 6.45 km/s) with seawater (1.025 g/cm Figure 25. Induction Log derived formation factor versus porosity. Porosity is derived from the velocity log using Equation 3 derived in Figure 24 . The dashed line is the Humble equation (Winsauer et al., 1952) and the solid lines are Archie's (1942) equation for different values of m. Note that the m values appear to be too high [greater than 2.6)], which could be a result of the velocity from the Sonic Log's being biased too low, particularly in the high porosity formations. If the velocity is too low, then the derived porosity is too large for the high resistivity of the formation, which would cause artificially high m values. However, these do not seriously disagree with the scatter of data in similar plots (Boyce, 1981) . 
